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Chemical compounds studied in this article:
Eugenol (PubChem CID: 3314)
1,1-Diphenyl-2-picrylhydrazine (PubChem
CID: 74358)
2,2′-Azino-bis(3-ethylbenzthiazoline-6-
sulphonic acid (PubChem CID:
77519615)
Ascorbic acid (PubChem CID: 54670067)
Eugenol (PubChem CID: 3314)
Tyrosol (PubChem CID: 10393)
a  b  s  t  r  a  c  t
Considerations  on  antioxidants  derived  from  plants  have  continuously  increased  during  this
decade  because  of their  beneﬁcial  effects  on  human  health.  In  the  present  study  we  investi-
gated the  free  radical  scavenging  properties  of  extracts  from  Piper  guineense  (P.  guineense)
and  their  inhibitory  potentials  against  oxidative  mediated  ion toxicity.  The  free  radical
quenching  properties  of the  extracts  against  [1,1-diphenyl-2-picrylhydrazyl  (DPPH•),  2,2′-
azino-bis(3-ethylbenzthiazoline-6-sulphonic  acid)  (ABTS•),  hydroxyl  radical  (HO•),  nitric
oxide (NO•)]  radical  and  their  antioxidant  potentials  by FRAP  and  phosphomolybdenum
were determined  as well  as  their  protective  properties  on liver  enzymes.  The  phenolic
proﬁle  was  also investigated  by HPLC. The  results  obtained,  revealed  that  the  extracts  signif-
icantly  inhibited  the  DPPH,  NO,  HO and ABTS  radicals  in  a concentration  depending  manner.
They  also  showed  a signiﬁcant  ferrous  ion  chelating  ability  through  FRAP  and  phospho-
molybdenum  antioxidant  potential.  Their  polyphenol  contents  varied  depending  on  the
type  of  extracts  and  the solvent  used.  The  hydroethanolic  extracts  (FFH)  and  the  ethanolic
extracts  (FFE)  of  P. guineense  leaves  showed  the  higher  level  of  phenolic  compounds  respec-
tively of 21.62  ± 0.06  mg  caffeic  acid/g  dried  extract  (CAE/g  DE)  and  19.01  ± 0.03 CAE/g  DE.Quercetin (PubChem CID: 5280343)
Rutin (PubChem CID: 5280805)
Apigenin (PubChem CID: 5280443)
Caffeic acid (PubChem CID: 689043)
P-coumaric acid (PubChem CID: 637542)
Syringic acid (PubChem CID: 10742)
Theobromine (PubChem CID: 5429)
The  HPLC  phenolic  compounds  proﬁle  revealed  a higher  quantity  of Eugenol,  quercetin,
rutin  and  catechin  in  the  stem  than  in the  leaves.  The  presence  of  these  molecules  could  be
responsible  of  the  protective  potentials  of  P. guineense  extracts  against  lipid  peroxidation
and  SOD,  catalase  and  peroxidase.
Abbreviations: MDA, malonaldialdehyde; DPPH, 2,2-diphenyl-1-picrylhydrazyl 1,1-diphenyl-2-picrylhydrazyl radical; FRAP, ferric reducing ability of
plasma; Vit C, vitamine C; ABTS, 2,2-azinobis(3-ethylbenzthiazoline)-6-sulphonic acid; BHT, butylated hydroxytoluene; RNS, reactive nitrogen species;
ROS,  reactive oxygen species; FRAP, ferric reducing antioxidant power; MDA, malondialdehyde; TBA, thiobarbituric acid; H2O2, hydrogen peroxide.
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In  conclusion,  P. guineense  extracts  demonstrated  signiﬁcant  antioxidant  property  and  may
be used  as  a prospective  protector  against  metal  related  toxicity.
©  2015  The  Authors.  Published  by  Elsevier  Ireland  Ltd. This  is an  open  access  article  under
the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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. Introduction
The human body is continuously producing free radicals
hich, depending on their intracellular concentration and
he equilibrium between them and the endogenous antiox-
dant species, can lead to oxidative stress. Several factors
re known to be linked to the impairment of the body’s
otential in stabilizing free radicals. Among them, factors
uch as drugs, immune responses to viruses, deﬁciency of
atural antioxidants, pollution, ultraviolet rays and tobacco
ould be listed [1,2].
The body has the ability to scavenge free radicals, but
f there is disequilibrium between the level of free radicals
nd the capacity of the body to neutralize them, oxidative
tress occurs as a result [1]. The development of oxida-
ive stress depends on the concentration reactive oxygen
pecies (ROS) in the cell. These species have a physiological
unction in cell processes including the cell proliferation,
he cell cycle and death as well as signal transduction [3].
evertheless, their high reactivity has led to the damag-
ng effects of ROS on vital tissues [3,4]. These destructive
ctivities on the cells and subsequent damage of vital
ell components have been associated with several severe
ealth disorders such as endothelial dysfunctioning, angio-
enesis, vascular diseases and cancer [2,5].
Indeed, recent research have pointed out that ROS-
enerating enzymes such as Nox proteins are considered
o be oncogenic proteins, and can cause mitochondrial dys-
unction which is associated with the genesis of tumor and
he physiological states involved in neo-vascularization,
umor development and progression (angiogenesis) [2].
OS production has been demonstrated to increase the
evel of vascular endothelial growth factor (VEGF), which is
ighly unregulated in most human cancers, and which has
ecently emerged as the crucial rate-limiting protein in the
egulation of angiogenesis in many human tumors [6,7].
he reduction or elimination of ROS requires the action of
ntioxidants [5]. Antioxidants could be deﬁned as the cel-
ular defense mechanism against the damaging effects of
igh concentrations of reactive species.
Several studies have demonstrated the beneﬁcial effects
f antioxidant compounds in cancer treatment [8]. Recent
esearches have therefore focused on the protective
ole, as the preventive agent of antioxidant compounds
gainst angiogenic aided cancer development, and support
he hypothesis that antioxidant supplementation during
hemotherapy has the potential to reduce dose-limiting
oxicities in patients with cancer through free radical scav-
nging pathways or activities [2]. A growing number of
esearch data from complementary (epidemiological and
aboratory) investigations have proved that some edibleplants as a whole or their documented ingredients with
antioxidant potentials possess considerable protective
effects on human tumor genesis [8]. Comparable evidence
has also been identiﬁed to demonstrate the chemo-
preventive properties of phytochemicals and compounds
from diets of plant origin with free-radical chelating prop-
erties on ulcers, diabetes, memory and cognitive functions,
Alzheimer disease, sexual and spermatogenesis dysfunc-
tions, atherosclerosis and neuro-vascular disorders and
several other human illnesses [9–14]. Moreover, some
medicinal herbs have been demonstrated to possess both
preventive and/or healing effects. Spices are well-known as
sources of natural compounds that can prevent oxidative
stress and thus have a signiﬁcant role in chemoprevention
against degenerative illnesses [10]. The therapeutic prop-
erties of spices are primarily attributed to the presence of
a large range of phytochemical molecules. In fact, phyto-
chemicals present in spices are very diversed and possess
anticarcinogenic and other beneﬁcial properties, they are
therefore referred to as chemopreventers [15]. One of the
predominant mechanisms of their protective action is due
to their antioxidant activity and the capacity to scavenge
free radicals. Among the most investigated chemopreven-
ters are some vitamins, polyphenols and pigments of plant
such as carotenoids, chlorophylls, ﬂavonoids, and betalains
[15,16]. This medicinal potential may  also be inﬂuenced by
other organic and inorganic compounds such as coumarins,
phenolic acids and antioxidant micronutrients (Cu, Mn,  Zn)
[15,17,18].
Piper guineense (P. guineense),  commonly named African
black pepper or hot leave is broadly consumed as spice
in various parts of Africa such as Cameroon, Nigeria and
Ghana because of its nutritional and therapeutic properties
[19]. Piper guineensis is a plant of the family of Piperaceae.
In African folk herbal medicine, its seeds are used for vari-
ous purposes. For example, in certain regions of Nigeria, the
seeds are consumed by women  after child birth, to improve
uterine contraction for the expulsion of the placenta and
other residues from the womb, as an adjuvant in the man-
agement of rheumatic pains, as an antiasthmatic and also
as weight regulator [19]. The seeds and leaf extracts have
been demonstrated to possess a depolarizing neuromus-
cular potential in concentration depending manner. The
antiparasitic, antimicrobial and antifungal properties of the
leaves and seeds of P. guineense have also been reported
[19,20]. P. guineense has been used by traditional medici-
nal practitioners for the treatment of respiratory diseases
and correction of female infertility problems [19]. Its use
also in traditional medicine for male sexual weakness treat-
ment and to prevent abortion has also been investigated
[21,22]. Previous phytochemical researches on P. guineense
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extracts revealed the existence of numerous compounds
such as alkaloids, sterols, lignans and amides [22]. Pharma-
cological and physiological studies of P. guineense extracts
revealed insecticidal properties. It has been shown that,
eight days treatment of uncastrated mature male rats
with variable doses of the alcoholic dry fruit extract of
P. guineense signiﬁcantly increased penis erection index,
mount frequency, intromission frequency, ejaculation fre-
quency, body weight and seminal vesicle secretion [23].
From the previous data outlined above, it is obvious that
research focused on other parts of P. guineense such as its
stem and leaves are scarce and its potential in preventing
metal mediated oxidative damage has not been described.
Therefore in the present study, we have attempted to
demonstrate the free radical scavenging potential of the
leaves and stem of P. guineense,  to describe its antioxidant
potential and the mechanism involved in this activity, to
investigate its potential as a chemopreventer against metal
induced damage on liver enzymes and to identify the more
active extract on these activities.
2. Materials and methods
2.1. Plant material
The leaves and stem of P. guineense were collected at the
Kala Mountain in the center region of Cameroon. They were
identiﬁed by Mr  NANA, a botanist of the National Herbar-
ium of Cameroon, in comparison to the voucher specimens
(43129-HNC).
2.2. Plant and animal material
2.2.1. Preparation of plant extracts
The collected leaves and stem barks were dried at
the ambient temperature, crushed and sifted. Powders
were then macerated at the ratio of 1:10 (w/v) for 48 h
in ethanol for the ethanolic extract and in a mixture
of water/ethanol (30/70; pH = 3) for the hydro-ethanolic
extract. The mixtures were then ﬁltered using Buchner
funnel and Whatman No. 1 ﬁlter paper. This process was
repeated once on the residue after 24 h. The supernatant
was concentrated using a rotavaporator and the extract
was dried in an oven at 55 ◦C for two days. Each crude
extract obtained was labeled using the following codes:
FFE for the leaves ethanolic extract of P. guineense; FTE:
P. guineense (stem) ethanolic extract; FFH: P. guineense
(leaves) hydroethanolic extract; FTH: P. guineense (stem)
hydroethanolic extract. The different samples were then
kept at 4 ◦C. Prior to experimentation, the solutions of the
four plant extracts were dissolved using different dilutions
of ethanol (25, 50, 75, 150, 300 g/mL) of each.
2.2.2. Animals
Male albino Wistar rats weighing 200–250 g were usedin this study. The rats were maintained at room tempera-
ture under lab conditions and were fed with standard diet
and water ad libitum. Livers were collected after dissec-
tion of the rats under mild ether anesthesia on overnightgy Reports 2 (2015) 792–805
fasted rats. This study was  carried out with approval from
the animal Ethics Committee of university of Yaoundé I.
2.3. Determination of free radical scavenging potential of
the samples
2.3.1. Scavenging activity of DPPH radical
The DPPH assay measures the free radical scavenging
capacity of the extracts as previously described by Blois
[24]. Three milliliters of each of the diluted extracts were
put in a test tube and 1 mL  of methanol solution of DPPH
(0.1 mM)  was added. The mixture was  kept in the dark at
room temperature for 30 min  and absorbance was  mea-
sured at 517 nm against a blank in a spectrophotometer.
The same procedure was used for vitamin C that was  used
as standard. The following equation was  used to determine
the percentage of the radical scavenging activity of each
extract:
Scavenging effect (%) = 100(Ao − As)
Ao
where Ao is the absorbance of the blank and As is the
absorbance of the sample.
2.3.2. Scavenging effect of the ABTS+ radical
The ABTS assay was  based on a previously described
method of Re et al. [25] with slight modiﬁcations. ABTS rad-
ical cation (ABTS+) was  produced by the reaction of a 7 mM
ABTS solution with potassium persulphate (2.45 mM). The
ABTS+ solution was diluted with ethanol to an absorbance
of 0.70 ± 0.05 at 734 nm.  The mixture was stored in the dark
at room temperature for 12 h before used. After addition of
25 L of sample extract or vitamin C used as standard to
2 mL  of diluted ABTS+ solution, absorbance was  measured
at 734 nm after exactly 6 min. The decrease in absorbance
was  used for calculating the scavenging effect values. The
following equation was used to determine the percentage
of the radical scavenging activity of each extract:
Scavenging effect (%) = 100(Ao − As)
Ao
where Ao is the absorbance of the blank and As is the
absorbance of the sample.
2.3.3. Nitric oxide scavenging activity
Nitric oxide scavenging activity was  determined accord-
ing to previous authors [26]. The reaction mixture
contained 2 mL  of sodium nitroprusside (10 mM)  in 0.5 mL
phosphate buffer (0.5 M;  pH 7.4). Various concentrations
(25, 50, 75, 150, 300 g/mL) of the extracts (0.5 mL)  were
added in a ﬁnal volume of 3 mL.  After incubation for 60 min
at 37 ◦C, Griess reagent [-napthyl-ethylenediamine (0.1%)
and sulphanilic acid (1%) in H3PO4 (5%)] was added.
The pink chromophore generated during diazotization of
nitrite ions with sulphanilamide and subsequent coupling
with -napthyl-ethylenediamine was measured in a spec-
trophotometer at 540 nm.  Ascorbic acid was used as a
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ositive control. The scavenging ability (%) of the nitric
xide was calculated using the formula:
cavenging effect (%) = 100(Ao − As)
Ao
here Ao is the absorbance of the blank and As is the
bsorbance of the sample.
.3.4. Hydroxyl radical scavenging activity
The scavenging activity of the extracts on hydroxyl rad-
cal was measured according to a previously described
ethod [27]. To 1.5 mL  of each diluted extract, 60 L of
eCl3 (1 mM),  90 L of 1,10-phenanthroline (1 mM),  2.4 mL
f phosphate buffer (0.2 M;  pH 7.8) and 150 L of H2O2
0.17 M)  were added respectively. The mixture was  then
omogenized using a vortex and incubated at room tem-
erature for 5 min. The absorbance was read at 560 nm
gainst the blank. The percentage of the radical scavenging
ctivity of each extract was calculated from the equation
elow:
cavenging effect (%) = 100(Ao − As)
Ao
here Ao is the absorbance of the blank and As is the
bsorbance of the sample.
.4. Determination of the total antioxidant potential of
he different samples
.4.1. Total antioxidant activity by ferric reducing
ntioxidant power assay (FRAP)
The FRAP was determined using a previously described
ethod [28] with slight modiﬁcations. The fresh FRAP
eagent consisted of 500 mL  of acetate buffer (300 mM;  pH
.6), 50 mL  of 2,4,6-tri (2-pyridyl)-s-triazin (TPTZ) (10 mM),
nd 50 mL  of FeCl3·6H2O (50 mM).  The colorimetric mea-
urement was carried out at 593 nm and the measurement
as monitored up to 12 min  on 75 L of each extract
nd 2 mL  of FRAP reagent. Vitamin C was used to draw a
tandard curve and the butylated hydroxy toluene (BHT)
as used for the comparison with the different samples.
he results were expressed as mg  equivalent vitamin C/g
f dried extract (mg  equiv. VitC/g DE).
.4.2. Phosphomolybdenum antioxidative power (PAP)
The total antioxidant activity of the extracts was  eval-
ated by green phosphomolybdenum complex [29]. An
liquot of 10 L of the extract solution was mixed with 1 mL
f reagent solution (0.6 M sulphuric acid, 28 mM sodium
hosphate and 4 mM ammonium molybdate) in a micro
entrifuge tube. The tubes were incubated in a dry thermal
ath at 95 ◦C for 90 min. After cooling, the absorbance of the
ixture was measured at 695 nm against a blank. Vitamin
 was used as reference to draw the standard curve and
HT was used for the comparison. The reducing capacities
f the analyzed extracts were expressed as mg  of ascorbic
cid equivalents/g of dried extract (mg  equiv. AS/g DE)..4.3. Reducing power assay
The reducing power of the extracts was determined by a
ethod described by Oyaizu [30]. Different concentrationsgy Reports 2 (2015) 792–805 795
of the extracts in 1 mL of distilled water were mixed with
2.5 mL  of phosphate buffer (0.2 M,  pH 6.6) and 2.5 mL
of potassium ferrocyanide (1%). The mixtures were incu-
bated at 50 ◦C for 20 min. Aliquots 2.5 mL  of trichloroacetic
acid (10%) were added to the mixture and centrifuged
at 3000 rpm for 10 min. The supernatant of the solution
(2.5 mL)  was  mixed with 2.5 mL  of distilled water and
0.5 mL  of FeCl3 (0.1%). The absorbance was measured at
700 nm.
2.5. Determination of the phenolic content of the extracts
2.5.1. Total phenol determination
The total phenol content was  determined by the
Folin–Ciocalteu method [31]. The reaction mixture con-
tained 200 L of extract, 800 L of freshly prepared diluted
Folin–Ciocalteu reagent and 2 ml  of sodium carbonate
(7.5%). The ﬁnal mixture was  diluted to 7 mL  with deion-
ized water and kept in the dark at ambient conditions for
2 h to complete the reaction. The absorbance was measured
at 765 nm.  Caffeic acid was used as standard and the results
were expressed as mg  caffeic acid/g dried extract (mg  CA/g
DE).
2.5.2. Determination of total ﬂavonoid content
Total ﬂavonoid content was  determined using alu-
minum chloride (AlCl3) according to a known method [32]
using quercetin as a standard. A volume of 0.1 mL  of extract
was added to 0.3 mL  distilled water followed by 0.03 mL
of NaNO2 (5%). After 5 min  at 25 ◦C, 0.03 mL  of AlCl3 (10%)
was added. After a further 5 min, the reaction mixture was
mixed with 0.2 mL  of 1 mM NaOH and ﬁnally, the reac-
tion mixture was diluted to 1 mL  with distilled water and
the absorbance was measured at 510 nm.  The results were
expressed as quercetin equivalent mg/g of dried extract
(QE/g dried ext).
2.5.3. Determination of total ﬂavonols
Total ﬂavonols in the plant extracts were estimated
using a known method [33] with some modiﬁcations. To
2.0 mL  of sample, 2.0 mL of 2% ethanolic solution of AlCl3
and 3.0 mL  (50 g/L) sodium acetate solutions were added.
After 2.5 h of incubation at 20 ◦C, the absorbance was read
at 440 nm.  The results were expressed as quercetin equiv-
alent (mg/g) dried extract (QE/g dried ext).
2.5.4. Quantiﬁcation of phenolic compounds by HPLC
High performance liquid chromatography (HPLC) with
UV detection is frequently used for the separation
and detection of phenolic compounds in hydroalchoolic
extracts. Samples were dissolved in pure water follow-
ing the ratio (0.3 g/10 mL)  and centrifuged at 4706 rpm for
10 min. The supernatant was ﬁltered through a cellulose
acetate membrane ﬁlter (0.20 m or 0.45 m,  Schleicher
& Schuell) and used for analysis. The analysis was per-
formed on an Agilent Technologies 1200 HPLC system ﬁtted
with a SUPELCOSIL LC-18 column (length 250 mm,  diame-
ter 4.6 mm,  packaging size 5 mm).  The column temperature
was set at 20 ◦C. The mobile phase consisted of a mixture
of an aqueous solution of acetic acid (0.5%) by volume (“A”)
and acetic nitrile (“B”). Elution was  performed by using
Toxicolo796 B. Moukette Moukette et al. / 
100% of A for the ﬁrst 2 min  of the run, 40% of A and 60% of
B from 2 to 60 min. The ﬂow rate was set equal to 1 mL/min
and the injection volume was 25 L. Polyphenols were
detected by a UV detector (280 nm). The retention times
of the identiﬁed polyphenolic compounds of interest were
measured by a single standard solution at a concentration
of 100 mg/L.
2.6. Protective properties of the plant against oxidative
damage
2.6.1. Preparation of liver homogenate
The liver was isolated from 3 normal albino Wistar rats.
The organs were weighed and 10% (w/v) homogenate was
prepared in phosphate buffer (0.1 M,  pH 7.4 having 0.15 M
KCl) using the homogenizer at 4 ◦C [34]. The homogenate
was centrifuged at 3000 rpm for 15 min  and the clear cell-
free supernatant obtained was used for the study.
2.6.2. Preparation of the pro-oxidative solution
The oxidant solution was prepared, directly before its
use by adding a solution of ferric chloride 100 mM to H2O2
0.50% prepared in phosphate buffer (0.1 M,  pH 7.4). This
solution was used for the investigation of the protective
assays on liver enzymes.
2.6.3. Total protein content
The total protein content of the liver mixture was
measured according to the protein kit supplier method
(Human Kit-Hu102536, Boehringer Ingelheim, Germany).
This result was  used to express the activities of the different
enzymes per gram of organs.
2.6.4. In vitro lipid peroxidation assay
Lipid peroxidation assay was performed by a for-
merly described protocol [35]. 0.58 mL  of phosphate
buffer (0.1 M;  PH 7.4), 200 L of sample, 200 L of liver
homogenate and 20 L of ferric chloride (100 mM)  were
combined to form a mixture which was placed in a shak-
ing water bath for 1 h at 37 ◦C. The reaction was completed
by adding 1 mL  of TCA (10%) and 1 mL  of TBA (0.67%) to all
the tubes and these were placed in a boiling water bath for
20 min. After this, the test tubes were shifted to crushed
ice bath and were centrifuged at 3000 rpm for 10 min. The
absorbance of the supernatant was measured at 535 nm
and evaluated as nM of MDA  tissue using the molar extinc-
tion coefﬁcient of 1.56 × 105/M cm.
2.6.5. Determination of peroxidase activity
Peroxidase activity was determined by the peroxidase
kit method (CAS Number 7722-84-1, Sigma–Aldrich) sup-
plier with modiﬁcations. A solution containing the mixture
of 1 mL  of the oxidant solution (FeCl3, 100 mM)  and the
extract or vitamin C (standard) for a ﬁnal concentra-
tion of 100 g/mL was incubated for 1 h in a water bath
at 37 ◦C. An aliquot of PBS (0.1 mL), hydrogen peroxide
(50 L), and pyrogallol solution (110 L) were added to
625 L of distilled water that was earlier poured into
an Eppendorf tube. The plant extract (75 L) from the
mixture was thereafter added. For the blank, the con-
trol oxidant solution and vitamin C used as the standardgy Reports 2 (2015) 792–805
constituted the mixture. The same reagents were used
except that, the extract was  replaced by distilled water
(75 L). This composition was homogenized and incu-
bated for at least 10 min. The solution containing 100 mM,
pH 6.0 PBS (40 L) and 0.002% (v/v) of diluted liver
homogenate (40 L) was  added to the blank and test
mixtures respectively. These were homogenized and the
increase in absorbance at 420 nm was measured after
every 10 s for 3 min  using a spectrophotometer (BioMate
3S UV-Visible, Thermo ScientiﬁcTM Manufacturer, Wohlen,
Switzerland). One unit of peroxidase was deﬁned as the
change in absorbance/seconds/mg of protein at 420 nm
using molar extinction coefﬁcient of 12/M cm.
2.6.6. Determination of catalase activity
Prior to the test, a solution containing a mixture of 1 mL
total volume of the oxidant solution and extract or vita-
min  C (standard) for a ﬁnal concentration of 100 g/mL
was  incubated for 1 h in a water bath at 37 ◦C. The catalase
activity of the liver homogenate was  assayed as previously
described by Sinha [36] with modiﬁcations. An aliquot
of hydrogen peroxide (0.8 mL)  was introduced into an
Eppendorf tube. Phosphate buffer (1.0 mL), extracted sam-
ple/vitamin C/oxidant solution (75 L) and (0.002%, v/v)
diluted homogenate (125 L) were added. The reaction
mixture (0.5 mL)  was  introduced into 1.0 mL  of dichromate
reagent (5%) and the mixture shaken vigorously. The mix-
ture was heated in a Clifton water bath for 10 min, and
allowed to cool at room temperature. The absorbance at
570 nm was taken using the spectrophotometer (BioMate
3S UV-Visible, Thermo ScientiﬁcTM Manufacturer, Wohlen,
Switzerland). The absorbance obtained was extrapolated
from the following standard curve y = 0.0028x + 0.0132. The
catalase activity was  thereafter expressed as Unit/min/mg
of protein (UI/mg Prot.):
CAT ((unit)/mg protein) = Abs/min × 30, 000 units
40 cm/M × mg  protein × df
where df is the dilution factor and Abs is the absorbance
2.6.7. Superoxide dismutase (SOD) activity
The measurement of total SOD activity was performed
according to the method of Misra and Fridovich with some
slight modiﬁcations [37]. The principle of this method is
based on the inhibition of epinephrine autoxidation. Dis-
tilled water (0.2 mL)  and 2.5 mL  of sodium carbonate buffer
(0.05 M and pH 10.2) were added into 0.3 mL  of epinephrine
buffer to initiate the reaction. The absorbance at 480 nm
was  read for 150 s with 30 s intervals against a blank made
up of 2.5 mL  buffer, 0.3 mL  epinephrine and 0.2 mL  distilled
water. The following equation allowed the calculation of
the SOD activity:
SOD (unit/mg protein)= SOD (units/mL/min/protein (mg/mL)) × df
where df is the dilution factor. The SOD activity was there
after expressed as Unit/min/mg of protein (UI/mg Prot.).
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.7. Statistical analysis
The results were presented as mean ± SD of triplicate
ssays. Analyses of data were conducted using one-way
NOVA (analysis of variance) followed by Kruskal–Wallis
est and Dunnett’s multiple test (SPSS program version 18.0
or Windows, IBM Corporation, New York, NY, USA). The
og probit was used to determine the IC50 using the soft-
are XLstat version 7 (Addinsoft, New York, NY, USA) were
sed to achieve the Pearson correlation analysis (PCA). The
ifferences were considered as signiﬁcant at P < 0.05.
. Results and discussion
Plant-derived antioxidants, especially, the pheno-
ic compounds have beneﬁted increased considerations
ecause of their prospective health beneﬁts [38]. Indeed
everal studies have demonstrated that foods from plant
rigin having antioxidants are beneﬁcial to health since
t down-regulate many degenerative processes and can
fﬁciently lower the rate of cancer and other diseases
11,12,38,39]. The recovery of antioxidant substances from
lant materials is usually realized through different extrac-
ion techniques taking into account their chemistry and
istribution in the plant matrix. In the present study two
olvents were used for the extraction of the leaves and
tem of P. guineense.  The ethanol used for extraction gave a
ield of about 11% and 7.46% respectively for the leaves and
tem extracts while the hydro-ethanol solvent extraction
roduced 12.66% and 18.92%. Polar solvents are frequently
sed for the recovery of phenolic compounds from a plant
atrix. According to this result the hydro-ethanol solvent
as more active; corroborating previous studies which
tated that the amount of active compounds in extracts
s related to the polarity of the solvent and the hydro-
lcoholic solvents have been demonstrated to increase the
ields [40]. Several methods have been described in order
o assess the antioxidant and the free radical quenching
roperties of plant materials among them, the DPPH scav-
nging method which has provided information on a great
eal of plants and is widely used. DPPH• is a stable and
rganic nitrogen radical bearing no similarity to the highly
eactive and transient peroxyl radicals involved in various
xidative reactions in vivo [4].
The results of DPPH scavenging potential of the plant
xtracts are presented in Fig. 1A. It can be seen on this ﬁg-
re that all the tested samples demonstrated a scavenging
otential of the DPPH radical. The powerful DPPH scaveng-
ng capability demonstrated by these extracts suggests that
hey have a large amount of ‘reductones’ [41]. Among the
ested extracts, FFH exhibited a higher (p < 0.05) inhibitory
otential at the concentration of 25 g/mL (13.31 ± 1.23%)
nd 300 g/mL (75.43 ± 3.33%) demonstrating an excellent
cavenging activity of DPPH radical. This result corrobo-
ates previous studies which stated that plants polyphenols
an act as primary antioxidant which, effectiveness is mea-
ured by its ability to inactivate free radicals before they
ttack biological macromolecules [42]. Hydroxyl radical
cavenging is a central antioxidant activity due to the great
eactivity of hydroxyl radicals which enables it to react
ith a great variety of molecules found in living cellsgy Reports 2 (2015) 792–805 797
such as carbohydrates, amino acids, lipids and nucleotides
[43]. Fig. 1B presents the hydroxyl radical (OH) scavenging
potential of the different plant extracts. From this ﬁgure, it
can be seen that the different extracts of P. guineense scav-
enged the hydroxyl radical in a concentration depending
manner. Among the tested extracts, FFH showed a sig-
niﬁcantly (p < 0.05) higher inhibitory potential compared
to the other extracts at all the concentrations varying
from 40.76 ± 0.74% at the concentration of 25 g/mL to
86.52 ± 0.28% at the concentration of 300 g/mL. The nitric
oxide (NO) radical scavenging property of the samples
tested is presented in Fig. 1C. This ﬁgure shows that
the extracts inhibited the NO radical in a concentration
dependent manner. After vitamin C, the FFH signiﬁcantly
showed (p < 0.05) higher inhibitory effects among all the
tested extracts. ABTS, a protonated radical, has speciﬁc
absorbance maxima at 734 nm which declines with the
scavenging of the proton radicals [44,45]. The ABTS scav-
enging potential of the extract samples is displayed in
Fig. 1D. It is found from this ﬁgure that, all the samples
tested inhibited the ABTS radical. FFH showed the highest
(p < 0.05) potential. The difference in the ABTS scaveng-
ing potentials of the extracts could be related to the type
of phenolic compounds that have been extracted by the
type of solvent. In fact the activities of phenolic acids and
their esters depend on the number of free hydroxyl groups
present in the molecule and which would be strengthened
by steric hindrance [46]. Since, the reducing power of a
compound serves as a signiﬁcant indicator of its antioxi-
dant activity [44,47], P. guineense extracts were assayed for
the reducing power activity.
The reducing power potentials of the sample extracts
are presented in Fig. 2. The result suggests that these sam-
ples have in vitro ferric reducing potentials which increased
with concentration. We  observed in this study an increase
in absorbance with the reducing activity as shown in previ-
ous studies [44,48]. As an alternative antioxidant property,
some phenolic compounds with hydroxyl groups can con-
jugate transition metals, preventing metal-induced free
radical formation [46]. The FRAP assay is based on the
reduction of a colorless ferric complex 2,4,6-tripyridyl-s-
triazine complex (Fe3+-tripyridyltriazine) to a blue-colored
ferrous form (Fe2+-tripyridyltriazine) by the action of
electron-donating antioxidants [49]. The different sam-
ples tested exhibited the FRAP antioxidant activity (Fig. 3).
The sample FFH had the highest potential (p < 0.05) com-
pared to the other extracts with a value of 30.53 ± 0.14 mg
equiv. VitC/g DE followed by FFE (28.37 ± 0.41 mg  equiv.
VitC/g DE) which have similar activity with FTH. This result
corroborates previous works which supported that pheno-
lic compounds can inhibit metal-induced oxygen radical
formation either by coordination with Fe2+ and enhanc-
ing autoxidation of Fe2+, or by the formation of inactive
complex with Fe2+ having a relatively weaker interac-
tion [50,51]. In the phosphomolybdenum assay, which is
a quantitative method to evaluate the antioxidant capacity
by measuring its ability to quench free radicals by hydrogen
donation, all the extracts exhibited different phospho-
molybdenum scavenging activities (Fig. 3). The FFH extract
was the most powerful antioxidant with an antioxidant
value of 30.63 ± 0.14 mg  equiv. VitC/g DE. This result
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Fig. 1. Scavenging potential of the different plant extracts: (A) DPPH• , (B) OH• , (C) NO• and (D) ABTS• . Values are expressed as mean ± SD of three replicates.
In  the same concentration the values affected with different letters (a–f) are signiﬁcantly different at p < 0.05. FTE: P. guineense (stem) ethanolic extract; FTH:
P.  guineense (stem) hydroethanolic extract; FFE: P. guineense (leaves) ethanolic extract; FFH: P. guineense (leaves) hydroethanolic extract; VIT C: vitamin C.
ed as m
neense (
roethanFig. 2. Reductive activity of the different plant extracts. Values are express
with  different letters (a–f) are signiﬁcantly different at p < 0.05. FTE: P. gui
FFE:  P. guineense (leaves) ethanolic extract; FFH: P. guineense (leaves) hyd
conﬁrms that P. guineense extracts could also act as
secondary antioxidant and therefore could prevent the
formation of free radicals. Plant phenolic compounds are
responsible for their biological properties. These phenolic
groups include a variety of compounds that could be clas-
siﬁed as phenolic acids, ﬂavonoids, tannins and the less
common stilbenes and lignans [46]. Table 1 displays theean ± SD of three replicates. In the same concentration the values affected
stem) ethanolic extract; FTH: P. guineense (stem) hydroethanolic extract;
olic extract; VIT C: vitamin C.
values of the total phenol, ﬂavonoid and ﬂavonol content
and the 50% inhibitory concentrations of the scavenging
activities of P. guineense extracts. This result reveals that
the levels of phenols and ﬂavonoids contents were higher
in FFH and FFE while the higher level of ﬂavonols was
noted in the FTH extract. Except for the ABTS radical, the
FFH extract demonstrated the lowest IC50 regarding all the
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Fig. 3. FRAP and phosphomolybdenum (PAP) antioxidant activities of the different plant extracts. Values are expressed as mean ± SD of three replicates.
Values are expressed as mean ± SD of three replicates. In the same concentration the values affected with different letters (a–f) are signiﬁcantly different
at  p < 0.05. FTE: P. guineense (stem) ethanolic extract; FTH: P. guineense (stem) hydroethanolic extract; FFE: P. guineense (leaves) ethanolic extract; FFH: P.
guineense (leaves) hydroethanolic extract; BHT: butylated hydroxyl toluene.
Table 1
Phenolic composition and 50% inhibitory concentration (IC50) of extracts.
Samples Phenolic composition IC50 (g/mL)
Total phenols
(CAE/g dried
extract)
Flavonoids (QE/g
dried extract)
Flavonols (QE/g
dried extract)
DPPH• OH• NO• ABTS•
FFE 19.01 ± 0.03 b 4.44 ± 0.20 a 2.41 ± 0.26b 134.26 ± 0.98a 82.94 ± 2.11 a 126.51 ± 2.21 a 222.81 ± 3.32 a
FFH 21.62 ± 0.06 c 8.64 ± 0.17 b 6.81 ± 0.35a 133.95 ± 1.07 a 53.56 ± 0.03 b 83.39 ± 0.10 b 258.01 ± 7.28 b
FTE 9.10 ± 0.05 d 3.29 ± 0.14 c 1.52 ± 0.28c 383.79 ± 6.10 b 211.37 ± 4.00 c 538.83 ± 5.43 c 391.20 ± 3.54 c
FTH 12.86 ± 0.00 a 4.35 ± 0.21a 6.67 ± 0.60a 313.53 ± 2.77 c 173.79 ± 3.05 d 433.17 ± 6.90 d 394.76 ± 7.00 c
Vit C 12.49 ± 0.01 d 27.81 ± 0.10 e 55.84 ± 1.11 e 70.85 ± 0.03 d
Values are expressed as mean ± SD of three replicates. In the same concentration the values affected with different letters (a–f) are signiﬁcantly different
at  p < 0.05. FTE: P. guineense (stem) ethanolic extract; FTH: P. guineense (stem) hydroethanolic extract; FFE: P. guineense (leaves) ethanolic extract; FFH: P.
guineense (leaves) hydroethanolic extract; VIT C: vitamin C; CAE: caffeic acid equivalent; QE: quercitine equivalent.
Fig. 4. Protective properties of plant extracts against lipid peroxidation. In the same concentration the values affected with different letters (a–f) are
signiﬁcantly different at p < 0.05. FTE: P. guineense (stem) ethanolic extract; FTH: P. guineense (stem) hydroethanolic extract; FFE: P. guineense (leaves)
ethanolic extract; FFH: P. guineense (leaves) hydroethanolic extract; VIT C: vitamin C; Pos Control: oxidant (positive) control; Neg Control: normal (negative)
control.
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Fig. 5. Protective properties of plant extracts: SOD and peroxidase activities. Values are expressed as mean ± SD of three replicates. In the same concentration
 at p < 0
: P. guthe  values affected with different letters (a–f) are signiﬁcantly different
hydroethanolic extract; FFE: P. guineense (leaves) ethanolic extract; FFH
oxidant (positive) control; Neg Control: normal (negative) control.
radicals tested indicating that this extract exhibited a sig-
niﬁcant scavenging property. Recent studies have shown
that metals such as iron exhibited the ability to produce
reactive oxygen species, resulting in lipid peroxidation. Evi-
dence indicates that lipid peroxidation requires both Fe
(III) and Fe (II), probably as a dioxygen-iron complex [52].
Iron is capable of catalyzing redox reactions between oxy-
gen and biological macromolecules that would not occur
if catalytically active iron is not present. The chelated
iron acts as a catalyst for the Fenton’s reaction, facili-
tating the conversion of superoxide anion and hydrogen
peroxide to hydroxyl radical, a species often thought to
initiate lipid peroxidation [52]. Inhibitory effect of the
P. guineense extracts on the ion mediated toxicity was
assessed by lipid peroxidation assay (Fig. 4). In biologi-
cal systems the degradation of metabolites end products
Fig. 6. Protective properties of plant extracts: catalase activity. Values are express
affected  with different letters (a–f) are signiﬁcantly different at p < 0.05. FTE: P. gu
extract; FFE: P. guineense (leaves) ethanolic extract; FFH: P. guineense (leaves) h
control; Neg Control: normal (negative) control..05. FTE: P. guineense (stem) ethanolic extract; FTH: P. guineense (stem)
ineense (leaves) hydroethanolic extract; VIT C: vitamin C; Pos Control:
such as MDA  are produced as a result of peroxidized
polyunsaturated fatty acids of the cell membrane [53].
From our results it is obvious that ion mediated oxida-
tion signiﬁcantly increased the amount of MDA  which
is expressed by the increase in concentration of MDA  in
the positive control (oxidant) compared (p < 0.05) to the
normal control (negative). The extracts from P. guineense
inhibited lipid peroxidation through the reduction of MDA
production. This property depended on the part of the
plant extract and the solvent used for extraction. However,
among these extracts, FTH showed the highest inhibitory
effects. According to the results above (FRAP, and free rad-
ical scavenging assays), we can suggest that P. guineense
acts as a primary or chain-breaking antioxidants which
retards lipid oxidation by interfering with chain propa-
gation, initiation, and reaction by accepting free radicals
ed as mean ± SD of three replicates. In the same concentration the values
ineense (stem) ethanolic extract; FTH: P. guineense (stem) hydroethanolic
ydroethanolic extract; VIT C: vitamin C; Pos Control: oxidant (positive)
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ithanolic extract; FTH: P. guineense (stem) hydroethanolic extract; FFE: 
ic  extract; MOLYBDAT: phosphomolybdenum test; Flavonol: ﬂavonol as
cavenging test; ABTS: ABTS radical scavenging test; DPPH: DPPH radical 
nd forming stable free radicals that do not further pro-
ote initiation or propagation reactions [54]. SOD is an
nzyme that catalyzes the dismutation of superoxide radi-
als. The SOD activity is proportional to the antioxidant
otential of the samples. The effect of the different extracts
rom P. guineense demonstrated high capacities to inhibit
ree radicals leading to an increase in enzymes activity
ates (Fig. 5). The negative control (without pro-oxidant
nd extract) showed a signiﬁcantly highest enzyme activ-
ty (8.11 ± 0.07 UI/mg Prot.). Vitamin C (6.45 ± 0.06 UI/mg
rot.) used as standard showed a signiﬁcant (p < 0.05)
ncrease in SOD activity compared to the oxidant (positive
ontrol) (2.95 ± 0.33 UI/mg Prot.). The different extracts
lso showed increased activity, FFE (5.95 ± 0.06 UI/mg
rot.), FFH (4.03 ± 0.21 UI/mg Prot.). This increase in the
ctivity of SOD in the presence of the extracts may  be linked
o the fact that plant polyphenols can reduce the concentra-
ion of this enzyme’s substrate (superoxide) in the medium.
n fact, ROS can be inactivated through both chemical
nd physical quenching pathways of compounds such as
olyphenols [55]. Peroxidase and catalase are enzymes
hich catalyze the reduction of hydrogen peroxide (H2O2)
nd protect tissues from highly reactive hydroxyl radicals.
he in vitro investigation of the activities of these enzymes
an provide great information on the antioxidant prop-
rties of the plant extracts against H2O2 and ion related
xidative damage. The effect of the extracts of P. guineense
n the activity of peroxidase is depicted in Fig. 5. The perox-
dase activities of these extracts were also higher compared
o those of the positive control (5.22 ± 0.17 UI/mg Prot.)
ith FFH (8.38 ± 0.10 UI/mg Prot.) showing the highest
ctivity. Fig. 6 shows an increased level of catalase activity
n the presence of FFH (90.57 ± 0.42 UI/mg Prot.) and FFEense (leaves) ethanolic extract; FFH: P. guineense (leaves) hydroethano-
lyphenol: polyphenol assay; Flavonoid: ﬂavonoid assay; NO: NO radical
ing test; OH: OH radical scavenging test; RED ACT: reductive activity test.
(80.64 ± 0.41 UI/mg Prot.) compared to the other extracts.
Previous studies revealed that, active metal ions such
as Fe2+ interact with H2O2 through Fenton chemistry to
form hydroxyl radicals (•OH), which is the most ROS
known, being able to initiate free radical chain reactions
by abstracting hydrogen from almost any molecule [46].
3.1. Correlation and principal component analysis (PCA)
The correlation, principal component analysis of the
antioxidant tests and phenolic content of BEH and BEE
are represented in Fig. 7A and B and Table 2. The sam-
ples and the antioxidant tests have been projected in a
single system; the PCA analysis explains 98.10% of the vari-
ation which exists in this system with a contribution of
95.91% for the axis F1 and 2.20% for the axis F2. Fig. 7a
and b shows that the total phenolic content is highly pos-
itively correlated with the antioxidant test. As such, the
results showed signiﬁcant positive correlations between
the phenolic content and the values of reducing power,
FRAP, phosphomolybdenum assays (Table 3). Our results
corroborate with studies which reported positive correla-
tions between phenolic compounds from plants extracts
and their antioxidant activities, supporting the relevance
of phenolic compounds as oxidative stress inhibitor [56]. In
the same way, the positive signiﬁcant (p < 0.05) correlations
values of ﬂavonol and ﬂavonoid with phosphomolybde-
num test and FRAP values were found to be 0.908 and 0.971;
0.971 and 0.908 respectively, indicating high correlations
with these assay results.
The correlation analyses of the inhibitory effects on ion
mediated oxidative damages on liver enzymes in vitro by
the different extracts were also conducted (Fig. 8A and B
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Table 2
Correlation between antioxidant assays and polyphenols determination tests.
DPPH OH NO ABTS RED ACT FRAP Molybdate T. phenol Flavonoid Flavonol
DPPH 1
OH 0.822* 1
NO 0.414 0.673* 1
ABTS 0.820* 0.861* 0.789* 1
RED ACT 0.707* 0.686* 0.743* 0.932* 1
FRAP 0.677* 0.247 0.199 0.539* 0.615* 1
Molybdate 0.891* 0.673* 0.533 0.859* 0.816* 0.829* 1
T.  phenol 0.914* 0.823* 0.692* 0.923* 0.828* 0.696* 0.953* 1
Flavonoid 0.949* 0.741* 0.502 0.831* 0.735* 0.789* 0.971* 0.970* 1
Flavonol 0.787* 0.535 0.500 0.681* 0.618* 0.827* 0.908* 0.895* 0.931* 1
Molybdat: phosphomolybdenum test; ﬂavonols: ﬂavonol assay; polyphenol: polyphenol assay; ﬂavonoids: ﬂavonoid assay; NO: NO radical scavenging
test;  ABTS: ABTS radical scavenging test; DPPH: DPPH radical scavenging test; OH: OH radical scavenging test; RED ACT: reductive activity test.
* Signiﬁcant values p = 0.050 (bilateral test).
Table 3
Correlation analysis results of P. guineense extracts demonstrated by Pearson’s coefﬁcients for in vitro antioxidant assays on rat liver enzymes.
Assays Peroxidase Catalase SOD INHIB MDA  FRAP Molybdate T. phenol
Peroxidase 1
Catalase 0.927* 1
SOD 0.797 0.833* 1
INHIB MDA  0.905* 0.875* 0.739 1
FRAP 0.828* 0.666 0.713 0.862* 1
Molybdate 0.885* 0.721 0.761 0.815* 0.924* 1
T.  phenol 0.761 0.651 0.720 0.556 0.640 0.866* 1
SOD: SOD activity test; catalase: catalase activity test; peroxidase: peroxidase activity test; ﬂavonols: ﬂavonol assay; polyphenol: polyphenol assay;
ﬂavonoids: ﬂavonoid assay; FRAP: FRAP antioxidant test; MDA: MDA assay; INHIB MDA: MDA inhibition percentage.
* Signiﬁcant values p = 0.050 (bilateral test).
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Fig. 8. Principal component analysis results on F1XF2 axis of in vitro protective activity of P. guineense on rat liver enzymes for the tested extracts. Values
are  expressed as mean ± SD of three replicates. FTE: P. guineense (stem) ethanolic extract; FTH: P. guineense (stem) hydroethanolic extract; FFE: P. guineense
(leaves) ethanolic extract; FFH: P. guineense (leaves) hydroethanolic extract; molybdate: phosphomolybdenum (PAP); SOD: SOD activity test; catalase:
catalase activity test; peroxidase: peroxidase activity test; ﬂavonols: ﬂavonol assay; polyphenol: polyphenol assay; ﬂavonoids: ﬂavonoid assay; FRAP:
FRAP  antioxidant test; INHIB MDA: MDA  inhibition percentage.
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Table  4
Representation of the amounts of phenolic compounds in the different plant parts.
Phenol standards Standard retention time P. guineense (stem) P. guineense (leaves)
Characteristics T.R. (min) A (mUA) Conc (mg/g DW)  A (mUA) Conc (mg/g DW)
3,4-OH benzoic acid 19.10 ± 00 10.12 ± 00 0.40 ± 00 48.48 ± 00 1.92 ± 00
Apigenin 33.49 ± 00 39.46 ± 00 0.01 ± 00 125.90 ± 00 0.03 ± 00
Caffeic acid 25.67 ± 00 77.25 ± 00 1.45 ± 00 132.95 ± 00 2.49 ± 00
Catechin 23.48 ± 00 62.71 ± 00 4.56 ± 00 79.81 ± 00 5.80 ± 00
Eugenol 29.43 ± 00 110.23 ± 00 31.87 ± 00 124.61 ± 00 36.02 ± 00
Gallic acid 14.38 ± 00 0 0 26.73 ± 00 0.68 ± 00
O-coumaric acid 25.11 ± 00 847.86 ± 00 26.17 ± 00 133.33 ± 00 4.11 ± 00
OH-tyrosol 21.91 ± 00 37.61 ± 00 3.47 ± 00 50.74 ± 00 4.68 ± 00
P-coumaric acid 30.52 ± 00 26.06 ± 00 0.51 ± 00 113.60 ± 00 2.22 ± 00
Quercetin 42.19 ± 00 30.14 ± 00 2.83 ± 00 90.40 ± 00 8.49 ± 00
Rutin  29.45 ± 00 55.2 ± 00 4.65 ± 00 79.2 ± 00 6.66 ± 00
Syringic acid 25.55 ± 00 88.42 ± 00 2.19 ± 00 75.9 ± 00 1.88 ± 00
Theobromine 17.35 ± 00 30.62 ± 00 1.03 ± 00 64.84 ± 00 2.17 ± 00
± 00
± 00 
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qTyrosol 21.77 ± 00 37.31 
Vanillic acid 25.27 ± 00 48.6 
onc: concentration; DW:  dried weight; T.R.: retention time; A: area.
nd Table 4). From these results we can suggest that the
ncrease in antioxidant potential is related to the decrease
n the inhibition of the antioxidant activity of enzymes
n vitro. A positive and non-signiﬁcant correlation was
ound between total phenol content and lipid oxidation
nhibition and other enzymes involved in oxidative stress.
owever a signiﬁcant and positive correlation was  noted
etween the inhibition of lipid peroxidation and antioxi-
ant capacity of extracts through FRAP and PAP activities
ndicating that increase of antioxidant capacity of extracts
igniﬁcantly reduced lipid peroxidation.
To overcome the misunderstandings regarding the
hoice of the most effective antioxidative extract in vitro,
n inhibiting lipid peroxidation and ions related damages,
s well as to report the most reliable antioxidant activ-
ty of P. guineense extracts based on a statistical approach,
he principal component analysis (PCA) was applied to the
ig. 9. HPLC chromatograms of phenolic extracts from P. guineense recorded at 2
pigenin; 25.67: Caffeic acid; 23.48: catechine; 29.43: Eugenol; 14.38; gallic acid
uercetin; 29.45: rutin; 25.55: Syringic acid; 17.35: Theobromine; 21.77: Tyrosol2.17 ± 00 25.55 ± 00 1.49 ± 00
1.55 ± 00 88.34 ± 00 2.82 ± 00
antioxidant assay data. Data obtained on the extracts were
analyzed using the Varimax method for two  factor loadings
to see the correlations between assays that accounted for
the total covariance of the plant extracts (Erkan et al., 2011).
Considering the different contributions of the each single
extract to F1, it can be said that the overall antioxidant
activity of the extracts of P. guineense is ranked in the order
FFH > FFE > FTH > TFE, based on the ABTS scavenging, phos-
phomolybdenum test, ﬂavonoid, ﬂavonol and total phenol
content assay values, having much higher contributions to
F1 than NO assay.
In this study, we determined the phenolic composi-
tion of leaves and stem extracts of P. guineense and the
HPLC chromatograms are represented in Fig. 9 while the
phenolic composition is shown in Table 4. The results
from these ﬁgures revealed two  majors peaks for the stem
extracts while eight major picks were identiﬁed for the
80 nm:  (A) Stem and (B) leaves (TR: 19.10: 3,4-OH-benzoic acid; 33.49:
; 25.11: O-coumaric; 21.91: OH-tyrosol; 30.52: P-coumaric acid. 42.19:
 and 25.27: Vanillic acid).
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leaves extracts (Fig. 9A and B). The two major compounds
of the stem extracts of P. guineense include Eugenol and
O-coumaric acid with concentrations of 31.87 ± 00 mg/g
DW and 26.17 ± 00 mg/g DW respectively. Two polyphe-
nols (catechin and rutin) identiﬁed in the stem extracts
have moderate concentrations (higher than 4 mg/g DW).
The leaves appeared to be richer in phenolic compounds
than stem. However only Eugenol was discovered to have
the highest concentration (36.02 ± 00 mg/g DW). Contrary
to the stem, ﬁve other polyphenols including quercetin,
rutin, OH-tyrosol, O-coumaric acid and catechin exhibited
moderate concentrations (Table 4). These results conﬁrm
our previous results obtained for total phenol content
(Table 1) which show that the leaves extracts have high-
est total phenol content. Total phenol proﬁle reﬂects the
overall phenolic content of a plant or food sample. There
are unidentiﬁed peaks that were not quantiﬁed in the chro-
matograms therefore this total phenol may  not in a straight
way correlate with the total amount of individual phe-
nolic compounds detected in each samples. These results
correlate those obtained in the PCA correlation where the
extracts FFH and FFE were classiﬁed as the most power-
ful antioxidant. Nevertheless it should be noted that the
ﬂavonoid and ﬂavonol contents of FTH are higher com-
pared to those of FEE. This situation could more be related
to the choice of the solvent than the unidentiﬁed picks of
our chromatogram since the hydro-ethanolic solvent may
be more efﬁcient to extract phenolic compound that the
ethanol solvent alone.
4. Conclusion
In conclusion, the different extracts from P. guineense
exhibited high free radical chelating properties and antiox-
idant potential. They also exhibited a high protective
potential against few liver markers involved on oxidative
stress, and therefore may  act as inhibitor of ions mediated
oxidative damages as primary antioxidant. The hydro-
ethanolic extracts of P. guineense leaves (FFH) displayed
the most efﬁcient activities due to the presence of quality
and higher quantity of phenols content identiﬁed in these
extracts. Nevertheless, additional studies should be con-
ducted to isolate and characterize the bioactive compounds
responsible for this activity and also determine its in vivo
protective effects.
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